Introduction {#Sec1}
============

Gastrointestinal stromal tumors (GISTs) are the most common gastrointestinal mesothelioma and mainly caused by interstitial cells of Cajal \[[@CR1]\]. GISTs mainly occur in the digestive tract, accounting for 1--2% of all gastrointestinal tumors in the USA. GISTs are most common in the stomach, and the incidence of gastric GISTs is 70% \[[@CR2]\]. Approximately 30% of GISTs are malignant, and surgical resection is the main treatment for local GISTs \[[@CR3]\]. However, some patients are still at risk of recurrence and metastasis after surgery. A population-based cohort study found that the 5-year RFS for GISTs was 70.5% \[[@CR4]\]. The prognosis of GISTs may be influenced by many factors, including tumor size, tumor grade, and mitotic index \[[@CR5]\].

Sexual dimorphism was associated with cancer incidence and survival \[[@CR6]\]. Among GIST patients, men are slightly more likely to develop the disease than women (54% vs 46%) \[[@CR7]\]. A study in Germany found that age and gender were independent risk factors for prognosis in patients with GIST, but the study only included patients in southern Germany between 2004 and 2009 \[[@CR8]\]. However, a retrospective study did not observe any effect of gender on the prognosis of GIST \[[@CR9]\]. Nevertheless, these studies were both retrospective studies, and the reliability of their statistical results may be weakened because other factors affecting prognosis may also vary significantly among patients of different genders. The latest data on the prognosis of gastric GISTs are still insufficient.

Therefore, this study collected gastric GIST data from 2010 to 2016 through the SEER database and used the propensity score matching (PSM) method to explore the relationship between the gender and prognosis of patients with gastric GISTs.

Patients and methods {#Sec2}
====================

Data source {#Sec3}
-----------

The data we used was collected from the SEER database, which consists of 18 population-based cancer registries covering approximately 30% of cancer cases in the USA \[[@CR10]\]. The SEER database collects data on patient demographics and clinical information through a population-based registry. The database is available for public cancer research and does not contain personal identifiers.

Patient selection process {#Sec4}
-------------------------

Clinical information of gastric stromal tumors was extracted using the SEER\*Stat software (version 8.3.2). In this study, we searched the SEER database and identified a total of 6451 gastric GIST patients from 2010 to 2016 with the diagnostic code ICD-O-8936. Patients with pathological staging that were not classified by the 7th edition \[2010\] TNM staging system of the American Joint Committee on Cancer (AJCC) were excluded. The exclusion criteria included the following: unknown grade information, lack of stage information, unknown tumor size, missing mitotic index information, and unknown race information. The patient selection criteria was outlined in Fig. [1](#Fig1){ref-type="fig"}. Fig. 1Patient selection process

Data on patient demographics and clinical information were obtained through the SEER database, including the following information: age, race, marital status, gender, grade, year of diagnosis, tumor size, surgical status, and mitotic index. To better analyze the data of gastric GIST patients, the patients were divided into male and female groups by gender. Race was classified as white, black, and other races; marital status was classified as married and unmarried. The tumor grade was classified into well differentiated, moderately differentiated, poorly differentiated, and undifferentiated. Gastric GIST treatment was classified into a surgical treatment group and a nonsurgical treatment group, and tumor sizes were classified as less than 2.0, 2.1 to 5.0, 5.1 to 10.0, and greater than 10.0 cm. The mitotic index was classified as less than 5, 6 to 10, and more than 10 (per 50 HPF).

Propensity score matching {#Sec5}
-------------------------

Propensity score analysis is a method to effectively adjust the confounding factors in retrospective observation studies to improve the comparability between groups \[[@CR11]\]. To eliminate the differences in covariates between the two groups of patients, we performed propensity score matching. Propensity scores were obtained using a logistic regression model with age, race, marital status, surgical treatment, tumor grade, tumor size, and mitotic index in order to provide a one-to-one match between the male and female groups.

Statistical analysis {#Sec6}
--------------------

The data were analyzed using SPSS Statistics version 21.0 (SPSS Inc., Chicago, IL) and R Statistical Computing Environment (R Foundation for Statistical Computing, Vienna, Austria). Continuous variables are expressed as the mean and standard deviation, and categorical data are expressed as counts and percentages for survival analysis. The baseline characteristics and group differences were compared using Pearson's chi-square test for proportions. Survival analysis was performed using the Kaplan-Meier method (with the log-rank test) and the Cox proportional hazards model. Survival was estimated in months from the date of the diagnosis of gastric GIST to the date of death (for nonsurvivors) or the last follow-up (for survivors). *T* test was used for continuous variables. *P* value \< 0.05 was considered statistically significant. All *P* values were two-tailed, and all confidence intervals (CIs) were 95% CIs.

Results {#Sec7}
=======

Clinicopathological characteristics of gastric GIST patients {#Sec8}
------------------------------------------------------------

As shown in Fig. [1](#Fig1){ref-type="fig"}, gastric GIST patients from 2010 to 2016 were selected from the SEER database, and there were 1050 eligible patients, including 512 male patients (48.8%) and 538 female patients (51.2%). The detailed clinicopathological characteristics of patients of different genders are shown in Table [1](#Tab1){ref-type="table"}. Among these patients, the mean age of male patients was 64.6, and the mean age of female patients was 63.6. Most tumors are well differentiated, and a mitotic index less than 5/50 HPF accounted for 80.0%. The gender of gastric GIST patients was associated with marital status, surgical treatment, tumor size, and mitotic index (*P* \< 0.05). Notably, male patients were more likely to be married (62.7%), while the female patient group had the highest proportion (49.3%) of unmarried patients. Compared with the female group, the male group was less likely to undergo surgical treatment (95.9% vs 98.1%), more likely to have large tumors (\> 10.0 cm) (24.0% vs 16.4%), and more likely to have a mitotic index greater than 10/50 HPF (14.1% vs 9.7%). Age, race, and grade were similar between the two groups. Table 1Characteristics of the gastric GIST patients before and after propensity score matchingCharacteristicBefore matchingAfter matchingTotal, *n* (%)Male, *n* = 512 (%)Female, *n* = 538 (%)*P* valueMale, *n* = 448 (%)Female, *n* = 448 (%)*P* valueAge (years)105064.6 ± 13.063.6 ± 14.00.23064.7 ± 13.064.3 ± 13.30.671Race0.8580.501 Others139 (13.2)65 (12.7)74 (13.8)56 (12.5)68 (15.2) White651 (62.0)321 (62.7)330 (61.4)285 (63.6)274 (61.1) Black260 (24.8)126 (24.6)134 (13.8)107 (23.9)106 (23.7)Marital status\< 0.0010.070 Married594 (56.6)321 (62.7)273 (50.7)279 (62.3)239 (53.3) Unmarried456 (43.4)191 (37.3)265 (49.3)169 (37.7)209 (46.7)Grade0.2910.929 Well differentiated531 (50.6)247 (48.2)284 (52.8)230 (51.3)222 (49.6) Moderately differentiated315 (30.0)154 (30.1)161 (29.9)137 (30.6)140 (31.2) Poorly differentiated90 (8.6)48 (9.4)42 (7.8)39 (8.7)39 (8.7) Undifferentiated114 (10.8)63 (12.3)51 (9.5)42 (9.4)47 (10.5)Surgical treatment0.0321.000 No surgery31 (3.0)21 (4.1)10 (1.9)8 (1.8)8 (2.0) Underwent surgery1019 (97.0)491 (95.9)528 (98.1)440 (98.2)440 (98.0)Tumor size0.0010.145 ≤ 2 cm174 (16.6)68 (13.3)106 (19.7)67 (15.0)85 (19.0) 2.1--5.0 cm410 (39.0)190 (37.1)220 (40.9)181 (40.4)185 (41.3) 5.1--10 cm255 (24.3)131 (25.6)124 (23.0)121 (27.0)95 (21.2) \> 10 cm211 (20.1)123 (24.0)88 (16.4)79 (17.6)83 (18.5)Mitotic index/50 HPF0.0440.194 ≤ 5840 (80.0)394 (77.0)446 (82.9)348 (77.7)368 (82.2) 6--1086 (8.2)46 (8.9)40 (7.4)44 (9.8)31 (6.9) \> 10124 (11.8)72 (14.1)52 (9.7)56 (12.5)49 (10.9)

The PSM method was used to reduce the influence of confounding factors. The data of gastric GIST patients selected in the SEER database were used for propensity score matching (Fig. [2](#Fig2){ref-type="fig"}). Before propensity score matching, compared with female patients, male patients were more likely to not undergo surgery, less likely to have tumor sizes smaller than 2 cm, and more likely to have a mitotic index greater than 10/50 HPF (Table [1](#Tab1){ref-type="table"}). However, after property score matching, all baseline variable matches between 448 male patients and 448 female patients were completely balanced (*P* \> 0.05). Fig. 2Distributional balance for "distance"

Effect of gender on the overall survival of gastric GIST patients {#Sec9}
-----------------------------------------------------------------

The Kaplan-Meier analysis and log-rank test revealed that male patients had a higher mortality rate than female patients (*P* = 0.0024) (Fig. [3](#Fig3){ref-type="fig"}a). Propensity score matching was performed to minimize any bias regarding age, race, marital status, surgical treatment, tumor grade, tumor size, and mitotic rate. After matching all the potential confounding factors, the survival of the female gastric GIST patients was still better than that of the male gastric GIST patients (*P* = 0.042) (Fig. [3](#Fig3){ref-type="fig"}b). Fig. 3Comparison of overall survival between the male group and the female group before (**a**) and after (**b**) propensity score matching. Sex1, male; sex2, female

Gender as an independent prognostic factor for predicting OS in gastric GIST patients {#Sec10}
-------------------------------------------------------------------------------------

To assess the prognostic value of gender in predicting OS in patients with gastric GIST, we performed a multivariate analysis to determine its effects. The Cox proportional hazards model confirmed that gender, age, race, marital status, grade, and mitotic index were independent predictors of OS in patients with gastric GIST (Table [2](#Tab2){ref-type="table"}). In the Cox regression model, the risk of OS was higher for males than for females (HR 1.677, 95% CI 1.150--2.444, *P* = 0.007). Gender is an independent prognostic factor for predicting OS in gastric GIST patients. Further analysis of gastric GIST data of different genders using the Cox model, we found that among male patients, the mitotic counts of 6--10/50 high power field (HPF) group had a greater risk than the \< 5/50 HPF group. However, among female patients, there was no significant difference in risk between the two groups (*P* \> 0.05) (Supplementary Table [1](#MOESM1){ref-type="media"}). Table 2Multivariate Cox regression analyses of prognostic factors in patients with gastric GIST after PSMCharacteristicsHazard ratio95% CI*P* valueAge (years)1.0781.058--1.098\< 0.001Gender Female \[ref\] Male1.6771.150--2.4440.007Race Others \[ref\]0.357 White1.2120.653--2.2470.543 Black1.9781.015--3.8560.045Marital status Married \[ref\] Unmarried1.5891.091--2.3150.016Grade Well differentiated \[ref\] Moderately differentiated1.0270.649--1.6240.910 Poorly differentiated1.8641.031--3.3700.039 Undifferentiated2.9741.724--5.131\< 0.001Surgical treatment No surgery \[ref\] Underwent surgery0.4670.186--1.1730.105Tumor size ≤ 2 cm \[ref\] 2.1--5.0 cm0.6580.372--1.1630.150 5.1--10 cm0.8790.483--1.5990.673 \> 10 cm0.9450.485--1.8420.867Mitotic index (/50 HPF) ≤ 5 \[ref\] 6--101.7621.000--3.1030.050 \> 101.0470.591--1.8420.875*ref* reference

Discussion {#Sec11}
==========

Gastrointestinal stromal tumors (GISTs) can occur anywhere in the digestive tract but are most common in the stomach (60--70%) and small intestine (25--30%) \[[@CR2], [@CR12]\]. Local GISTs are mainly treated by surgery. Adjuvant treatment is not required for low-risk and intermediate-risk GISTs or high-risk GISTs that are sensitive to imatinib \[[@CR13]\]. Approximately 30% of GISTs are malignant, and their complex biological behavior is related to the malignant transformation of the tumor, so the prognosis of patients cannot be determined by only a few factors \[[@CR14]\]. A retrospective study did not observe the effect of gender on the prognosis of GISTs \[[@CR9]\]. However, in this study, we found that gender is an independent predictor of gastric GIST prognosis, and male patients have a higher risk of death than female patients. To the best of our knowledge, this is the first study to study the relationship between gender and gastric GIST prognosis through PSM, and the sample size was relatively large.

This study collected data from the SEER database of 1050 gastric GIST patients. Male patients and female patients showed significant differences in marital status, surgical treatment, tumor size, and mitotic index. Compared with the female gastric GIST, male patients had the highest proportion of married, less likely to undergo surgical treatment (95.9% vs 98.1%), more likely to have large tumors (\> 10.0 cm) (24.0% vs 16.4%), and have a mitotic index greater than 10/50 HPF (14.1% vs 9.7%). So, we performed a propensity score matching to avoid these confounding factors affecting the credibility of our results. At present, the prognostic assessment of GISTs is mainly based on the NIH consensus, which is based on tumor size, mitosis number, and tumor location but does not include age, gender, ethnicity, surgical treatment, or other factors \[[@CR5]\]. Zhang et al. found that gender, tumor location, size, mitotic number, and rupture were associated with recurrence of GISTs \[[@CR15]\]. In a previous study, Song and Tian found that marital status is a prognostic factor affecting the survival of GIST patients \[[@CR16]\]. We found that the prognosis of gastric GIST was related to gender and marital status, which was consistent with the findings of the previous studies \[[@CR16], [@CR17]\].

After property score matching, all baseline variables between male patients and female patients were completely balanced, and we found that male patients had a higher risk of death than female patients. The result of our study is consistent with that of a previous study \[[@CR8]\]. The correlation between gender differences and prognosis may be due to sex hormones. Sex hormone levels vary widely between men and women. Studies have found that sex hormones and their metabolites are involved in the development of many tumors, such as colorectal cancer, prostate cancer, breast cancer, and lung cancer \[[@CR18]--[@CR21]\]. The sex hormone signaling pathway may affect cancer susceptibility and the tumor microenvironment through a variety of mechanisms \[[@CR22]\]. For example, fat-soluble steroid hormones act on intracellular receptors, causing their receptors to shuttle through the nucleus, affecting DNA methylation and chromatin conformation \[[@CR23]\]. Sex hormones also regulate angiogenesis and inflammation, affecting cancer progression between the sexes. ERβ levels are usually reduced in cancer, and continuous ERβ expression is a marker of good tumor prognosis. In many cases, higher estrogen signaling activates ER, providing a protective effect from tumors \[[@CR24]\]. Studies found that estrogen played a key role in maintaining gastrointestinal epithelial barrier function, and estrogen may reduce the risk of gastrointestinal tumors \[[@CR25], [@CR26]\]. In addition, a retrospective study found that GIST estrogen receptor expression was negative, but the expression of progesterone (5.4%) and androgen (17.6%) receptors was observed in some GISTs \[[@CR27]\].

We used a Cox model to predict risk factors affecting OS in patients with gastric GIST, and we found that gender is an independent prognostic factor for gastric GIST patients. A previous study revealed that gender was associated with GI bleeding, and male GIST patients were more likely to have GI bleeding. In addition, GI bleeding is a risk factor for poor prognosis in GIST patients, men with GIST are more likely to have GI bleeding, and women have a higher OS and CSS rates \[[@CR17], [@CR28]\]. Currently, surgical resection is the main treatment for GISTs \[[@CR3]\]. Even if the patient has undergone radical surgery, the recurrence rate is still 40--80% \[[@CR29]\]. Patients with uncontrollable gastrointestinal bleeding often require emergency surgery \[[@CR30]\]. In addition to surgical treatment, treatment with imatinib mesylate, a small molecule tyrosine kinase inhibitor, significantly improved the prognosis of GIST \[[@CR31]\]. GIST survival rates were higher in women than in men during imatinib treatment \[[@CR32]\]. Similarly, in a confirmed case study of c-KIT, women had higher 5-year survival rates than men (75 to 52%) \[[@CR33]\].

Our research has some limitations. First, the data we collected from the SEER database are from American patients, so the results of the study cannot be generalized to other populations. Second, this was a retrospective study, and the SEER database lacks some treatment data, including information on targeted drug therapies such as imatinib, which is also important for survival analysis. Therefore, large, randomized, controlled studies are still needed.

Perspectives and significance {#Sec12}
-----------------------------

In summary, based on the SEER database, we investigated for the first time the effect of gender on the survival of gastric GIST patients. We found that male gastric GIST patients have worse survival rates than female patients. Further research is still needed to clarify the specific mechanism of gender and gastric GIST prognosis. In addition, marital status and tumor grade are also independent risk factors that affect the prognosis of gastric GIST patients. In general, male gastric GIST patients are at greater risk, so the sooner male patients receive treatment, the better their prognosis will be. Identifying the gender differences between patients with gastric GIST is essential to increase the understanding of the more serious disease progression in male patients. In the clinical environment, doctors should pay attention to the treatment of male gastric GIST patients and strengthen their follow-up.
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